I. INTRODUCTION
Almost all conventional antenna theory rests on the assumption of harmonic waves because in general the time domain analysis is much more complicated than the harmonic analysis [1] , [2] . Nevertheless, as has been shown in [3] - [7] , for thin-wire antennas it is possible to carry out a simplified analysis based on the traveling-wave approach (TWA) that allows us to study the transient radiation of this kind of antennas directly in the time domain. In this paper, we extend the ideas given in [7] on transient radiation of dipole antennas, to study some characteristics of the transient radiation of traveling-wave V-antennas (Section II) and V-antennas (Section III) excited by arbitrary transient currents. As particular examples, the cases when the antenna is excited by harmonic signals and gaussian pulses are analyzed.
II. TRAVELING-WAVE V-ANTENNA
A traveling-wave wire V-antenna with arms of length l and interior angle 2 is shown in Fig. 1 . The wires are assumed to be electrically thin and their ends are matched to absorb the outward current-waves [8] , [9] .
When the antenna is excited at the feed point O by a transient current pulse, this pulse splits into two similar current pulses I(t). These current pulses correspond to two pulses q(t) of oppositely signed charge, each one propagating toward the end of one arm as indicated with arrows in Fig. 1 [2] . The total radiated field results from adding the contributions of the two arms. Then, for a current pulse defined in the time interval
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Publisher Item Identifier S 0018-926X(01)19195-7. the angles formed by r and the upper and lower arms, respectively (see Fig. 1 ). Note that in each arm the sense of propagation of the positive charges is considered to be positive.
According to [7] , F1(r; ; t) is given by 
Expression (2) is very simple and consists of the sum of just two terms, both multiplied by A(), and each one having the same shape as the exciting transient current. The radiated field varies from two pulses of amplitude A() to a single one at the critical angle c given by [7] c = arccos 1 0 c1T l (5) where the overlapping between the two pulses contained in (2) where for convenience the angular frequency ! will be expressed, in terms of a parameter g, as ! = g=6: For the particular case of g = 2010 9 and = =2, Fig. 2 shows, as a function of the interior angle , the time evolution of the radiated field. The maximum value of E N rad (r;=2;t) occurs when = m = 37:7 and the minimum, E N rad (r;=2;t) = 0; at the angle 0 given by 0 = 66:5 . The time evolutions of half the radiated field, 1=2E N rad (r;=2;t), for equal to 0 and m are shown in Figs. 3(a) and 3(b) respectively. The dashed The angle m for maximum radiated field as a function of the parameter = gl=c, is shown in Fig. 4 . Besides the results obtained using expressions (1) - (7) this Figure includes , for the sake of comparison, the ones obtained empirically [9] and using the method of moments (MoM) [8] . It can be observed that the TWA results are in good agreement with those obtained with the other methods.
2) The second example corresponds to a current excitation defined by a Gaussian pulse I(0; t) = 0; for t < 0 e 0g (t0t ) ;
for 0 t 1T = 2tm 0; for t > 1T (9) with 1T = 6=g. For the particular case of g = 2010 9 Fig . 5(a) shows, as a function of the interior angle , the time evolution of E N rad (r;=2;t) in which the maximum value occurs when The dashed lines represent the two signals which when added, give the total radiated field represented by the solid lines. The dotted-dashed lines show the numerical results obtained using the method of moments in the time domain (MoMTD) [10] , which are in good agreement with those obtained using the TWA.
It should be pointed out that the TWA not only gives a theoretical foundation to the radiation characteristics of the V-traveling-wave antenna, but also offers the possibility of exerting some control over the shape of the radiated field.
The angle m for the maximum radiated field as a function of the parameter , when the V-traveling-wave antenna is excited by a gaussian pulse, is shown in Fig. 7 where, for comparison, the curve obtained for the harmonic case and for the case of a triangular signal of unit amplitude and duration 1T = 6=g are also included.
III. V-ANTENNA
When the ends of the antenna are not matched to absorb the outward-traveling current waves, the current pulses are reflected at the ends of the antenna. Following a derivation similar to that described in [7] we can obtain a general expression for the radiated field of the V-antenna by taking into account these reflections of the current pulse and changing the angles and 0 for the upper and lower arms respectively, to their complementary ones when the current propagates toward the vertex of the antenna. Then we arrive at the general expression of the radiated electric field, which can be written as E N rad (r; ; ; t) = F 1 (r; ; ; t) + F 2 (r; ; ; t) (10) where F1(r; ; ; t) and F2(r; ; ; t) are the contributions to the radiated field of the upper and lower arms respectively.After N reflections, F 1 (r; ; ; t) is given by with 0 being the reflection coefficient at the ends of the antenna. The contribution F2(r; ; ; t) of the lower arm to the radiated field, can be obtained from the left hand side in (11) just making the following substitutions in (12) and (13) 
